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Adina Voiculescu, Gu¨nter Fu¨rst, and Wilhelm Sandmann, Du¨sseldorf, Germany
Background: Ninety-four patients (37 male, 57 female; mean age, 51.0 years) underwent reconstruction for renal artery
aneurysm (RAA) between 1980 and 2001. RAAs were present in 52 patients in the right kidney, in 29 patients in the left
kidney, and in 13 patients in both kidneys. Eighty-three aneurysms were located in the mainstem, 49 in a branch artery,
and four in an accessory artery. Additional ipsilateral renal artery stenoses (RAS) occurred in 26 patients, bilateral RAS
in 18, and contralateral RAS in six. The causes of RAA were fibromuscular dysplasia (n  48), atherosclerosis (n  28),
dissection (n  7), aortic coarctation (n  5), arteritis (n  3), giant cell arteritis (n  1), Marfan’s syndrome (n  1),
and trauma (n 1). Seventy-five patients had hypertension, 14 were asymptomatic, and five had rupture. Indications for
RAA repair concerned aneurysms with 1 cm or more diameter in combination with risk factors of hypertension, ipsilateral
and contralateral stenosis, and childbearing age in women. Without risk factors, aneurysm size eligible for reconstruction
was limited to 2 cm or more.
Methods: Methods applied for reconstruction in 107 kidneys and 136 aneurysms included aneurysm resection with
tailoring (n 37), saphenous vein graft interposition (n 40), tailoring and saphenous vein graft interposition (n 7),
resection and reanastomosis (n  14), saphenous vein graft interposition and resection and reanastomosis (n  3),
polytetrafluoroethylene bypass (n 5), and homologous vein graft interposition (n 1). Four reconstructions had to be
performed ex situ because of multiple branch involvement in three patients and rupture in one. In all patients, the
concerned kidney was protected with hypothermic flush perfusion with addition of heparin and prostaglandin E1.
Results: The overall morbidity rate was 17%, including one early graft occlusion, one partial thrombosis of the renal artery
that necessitated fibrinolytic therapy, and a branch artery stenosis after tailoring managed with aortorenal bypass. The
mortality in elective cases was null; one patient died of myocardial infarction 2 days after an emergency operation for
ruptured RAA. The technical primary success rate was 96.8%; the secondary success rate was 98.9%. After a follow-up
period from 1 to 143 months (mean, 46 months) in 83 patients (88%), 67 (81%) had patent renal arteries free of stenoses.
Among six patients with RAS, four underwent successful reoperation, five had mainstem occlusions, three had segmental
artery occlusions, and two underwent nephrectomy. Concerning the patients who underwent reoperation, percutaneous
transluminal angioplasty was considered seriously but assessed as inappropriate because of long extension of stenosis or
involvement of branch arteries. Hypertension was cured in 19 patients (25%) and improved in 17 (22%).
Conclusion: Surgical reconstruction of RAA is a safe procedure that provides good long-term results, prevents aneurysm
rupture, cures or improves hypertension in about half of the cases, and can be achieved with autogenous reconstruction
in 96%. (J Vasc Surg 2003;37:293-300.)
The incidence rate of renal artery aneurysm (RAA) in
selected patients undergoing angiography is reported to be
0.6% to 1.0%, with a low risk of rupture during the spon-
taneous course.1,2 The indication of RAA reconstruction
depends on the individual risk of rupture, loss of renal
function, and hypertension, which have to be weighed
against the surgical risk and the anticipated long-term
results. Because of a low incidence rate, estimated to be
about 0.1%,3 epidemiologic data concerning rupture are
lacking, and the risk of rupture is discussed controversially.
Many anecdotal reports about ruptured RAA are found in
the literature.4-8 In particular, during pregnancy, the risk of
rupture seems to be elevated.4-11 In larger series of patients
undergoing operation for RAA, the percentage of ruptured
aneurysms was 2.8% to 5.6%.3,4,12,13 Besides rupture, renal
infarction from embolization has been described.14-16
Most patients with RAA have hypertension, which can be
cured or improved with aneurysm repair.17-19 The aim of
this study was to analyze whether our liberal indication for
surgical repair is justified.
PATIENTS AND METHODS
From January 1980 to January 2002, 1001 patients
underwent renal artery reconstruction in our department,
of which 9.4% (94 patients; 37 male, 57 female) underwent
operation for RAA (mean age, 51.0 years; range, 24 to 71
years). The average age in the male group (55.8 years) was
about 9 years higher than in the female group (46.9 years).
In total, 107 renal arteries were aneurysmal.
Preoperative angiography was obligatory, whereas
functional examinations, like renin measurements and cap-
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topril tests, were not mandatory. The indications for sur-
gery were aneurysms with a maximum diameter of 1 cm or
more in combination with the risk factors of hypertension,
ipsilateral or contralateral renal artery stenosis (RAS), and
childbearing age in women, even without hypertension. In
patients without risk factors, a maximal diameter of 2 cm or
more was the lower limit. Patients with RAA who did not
meet these criteria were not included in this study. Forty-
five patients had RAAs of 1 cm or more but less than 2 cm
in diameter and additional risk factors; 49 patients had
RAAs of 2 cm or more in diameter. Seventy patients (74%)
had one unilateral RAA, 11 patients (12%) had two or more
unilateral RAAs, and 13 patients (14%) had bilateral RAAs.
The number and localization of the 136 RAAs in 107
kidneys and 94 patients are shown in Table I. Eighty-three
aneurysms (61%) were located in the mainstem, 49 (36%)
were located in branch arteries, and four (3%) were found in
accessory renal arteries. Fibromuscular dysplasia was the
prominent cause in 51% of the patients, in which the female
gender was predominating (6:1) (Fig 1). Arteriosclerosis
appeared to be the underlying disease in 30% (Fig 2). Rare
causes were dissection (7.4%), aortic coarctation (5.3%),
arteritis (3.2%), aneurysmosis (2.1%), Marfan’s syndrome
(1.1%), and trauma (1.1%). In 96% of the patients, the
creatinine level was less than 2 mg/dL; four patients had
creatinine values of more than 2.0 mg/dL, and one of them
was on dialysis. Forty-four patients (47%) had no additional
renal occlusive disease. Fifty-six patients (53%) had a com-
bination of RAA and RAS, out of which 26 were located
ipsilateral, 18 were contralateral, and six were bilateral.
Significant RAS revealed through angiography was defined
as reduction of diameter of 60% or more.
Eighty percent of the patients had hypertension. At the
time of admission, the degree of hypertension was wide-
spread. The spectrum reached from patients with no anti-
hypertensive medication to those with five different antihy-
pertensive drugs. Many patients had dissatisfactory blood
pressure control.
Hypertension was also the leading symptom in 75
patients (80%). Four patients had an acute rupture. Only 14
were asymptomatic. Their aneurysms were found inciden-
tally with ultrasound scan or computed tomographic scan
performed for other reasons (unspecific abdominal pain,
cancer screening, etc). In cases of bilateral renal artery
reconstructions, unilateral reconstructions with lesions
near the aorta, and multifocal disease with one of the lesions
located near the aorta, a midline incision was chosen as the
operative approach. For unilateral reconstructions with pe-
ripheral lesions, a lumbar approach was used. Bilateral
lesions of the renal arteries were always operated on simul-
taneouly.
The techniques used for reconstruction varied substan-
tially, but prosthetic grafts were avoided as much as possi-
ble. The technique used for repair of RAA depended on the
morphology of the aneurysm and the renal artery. If
branches of the renal artery were spared, we performed
resection and reanastomosis or tailoring depending on the
possibily of sufficient approximation of the undilated parts
of the renal artery for an end-to-end anastomosis without
tension. If branch arteries were involved or if additional
stenoses of the renal artery existed, we preferred venous
grafting. Polytetrafluoroethylene was only used in cases
without any suitable autologous graft material. Except for
the fact that tailoring was first performed 1985 in our
department, the indications for the different operative tech-
niques did not change over time. Tailoring, which means a
partial resection of the aneurysm with building of a vessel of
normal diameter with direct suture of the remaining arterial
wall, was performed in 35% of renal arteries. In four cases,
tailoring was combined with endarterectomy of the proxi-
mal renal artery because of additional stenoses. Vein graft
interposition was used in 37% of renal arteries. Four saphe-
nous vein graft interpositions were performed with the
bridging bypass technique for reconstruction of an addi-
tional contralateral RAS. Thirteen percent of the renal
arteries were reconstructed with aneurysm resection and
reanastomosis. In contrast to tailoring, the aneurysm is
completely resected with this method. Tailoring and vein
graft interposition and vein grafting and resection/reanas-
tomosis techniques were combined for the reconstruction
in 6.5% and 2.8% of the cases, respectively. In 4.7% of the
reconstructions, prosthetic material was not avoidable; we
used polytetrafluoroethylene. One patient underwent ho-
mologous vein interposition grafting, which lasted 14 years
until death from intracerebral bleeding from anticoagula-
tion (Table II). In addition, all contralateral stenoses with-
out aneurysm were treated either with saphenous vein graft
interposition (n  8), of which four were performed as
Table II. Methods of renal artery reconstruction in 107
concerned renal arteries of 94 patients
No.
Tailoring 37 (35%)
Saphenous vein graft 40 (37%)
Tailoring and vein graft 7 (6.5%)
Resection and reanastomosis 14 (13%)
Vein graft and resection and reanastomosis 3 (2.8%)
PTFE bypass 5 (4.7%)
Homologous vein graft 1 (0.9%)
Autogenous reconstruction 102 (95.3%)
PTFE, Polytetrafluoroethylene.
Table I. Number of patients with number of RAAs of
right kidney or left kidney
RAA right kidney
0 1 2 3 4
RAA left kidney 0 44 5 1 2
1 26 9 1 1 –
2 2 – 1 – –
4 1 – – – 1
Ninety-four patients had 136 RAAs in 107 concerned kidneys. All aneu-
rysms met criteria for operative repair and were treated with different
operative techniques.
JOURNAL OF VASCULAR SURGERY
February 2003294 Pfeiffer et al
bridging bypasses, or with endarterectomy (n  5), dilata-
tion (n 2), hypogastric artery graft interposition (n 1),
polytetrafluoroethylene bypass (n  1), or resection and
reanastomosis (n  1).
In all patients, the concerned kidneys were protected
with hypothermic flush perfusion. We used 500 to 1000
mL cold (4° C) Ringer’s solution containing heparin (2500
IU/L) and prostaglandin E1 (40 g/L). In 96% of the
reconstructions, the kidney was left in situ. Only in four
kidneys was the reconstruction performed ex situ because
of multiple branch involvement in three patients and rup-
ture of a peripheral but huge aneurysm in a woman after
pregnancy.
For the assessment of the postoperative result, intraar-
terial angiography was suggested before discharge in every
patient. Unfortunately, 20% of all patients did not undergo
arteriography because they were either transferred to an-
other hospital or simply did not agree to this examination.
In these patients, Doppler sonography was performed until
1986 and duplex sonography was performed since 1987.
Fig 1. Preoperative (a) and postoperative (b) angiography in 53-year-old woman with fibromuscular dysplasia that
concerned both kidneys and aneurysm at hilus of right kidney. Saphenous vein bypass grafting had to be performed on
right side, and patient became less hypertensive. Medication could be reduced from triple-drug to single-drug therapy.
Fig 2. Preoperative (a) and postoperative (b) angiography in 52-year-old man with hypertension managed with
triple-drug therapy. Aneurysm was located in typical position between mainstem and branch arteries. Kidney was left in
situ, cooled with Ringer’s lactate containing 2500 IU/L heparin and 40 g/L prostaglandin E1. Aneurysm was
resected, and artery tailored. After operation, hypertension was cured.
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The follow-up examination included blood pressure
measurement, serum levels of creatinine, number and dos-
age of antihypertensive drugs, and color-coded duplex
ultrasound scan. In all cases in which a RAS or occlusion
could not be excluded, an intraarterial angiography was
performed. All cases of postoperative RAS or occlusion
were assessed angiographically.
Definitions. Hypertension was defined as cured if the
postoperative diastolic blood pressure was 90 mm Hg or
less without any antihypertensive drugs. Hypertension was
defined as improved if the diastolic blood pressure measur-
ing 90 mm Hg or more before surgery could be lowered to
90 mm Hg or less with the same antihypertensive medica-
tion or if a diastolic blood pressure of 90 mm Hg or less
could be achieved with a reduced number or dosage of
antihypertensive drugs.
Success of RAA repair was defined as a patent recon-
struction of the main stem or branches of the renal artery
with complete removal of the aneurysm and without steno-
sis or occlusion of the renal artery and its branches deter-
mined with an obligatory postoperative ultrasound scan or
angiographic control. Primary success was defined as success
with one operation. Secondary success was defined as success
with one or more redo operations or additional endovascu-
lar interventions (percutaneous transluminal angioplasty).
RESULTS
Short-term results. Seventy-five patients (80%) had
hypertension. The incidence rate of hypertension was sig-
nificantly higher in patients with additional RAS (P .009,
2 test). Forty-five patients had both hypertension and
RAS; five patients with RAS and 14 without RAS were
normotensive. Thirty patients without detectable RAS also
had hypertension.
The overall morbidity rate was 17%. The mortality in
elective cases was null. Only one patient died after an
emergency operation. The patient was transferred to our
department with hemorrhagic shock from ruptured RAA
and died of myocardial infarction 2 days after successful
reconstruction with aortorenal polytetrafluoroethylene
graft interposition. Fifteen further patients had postopera-
tive complications summarized in Table III. One of these
patients had early graft occlusion that was left uncorrected
because the kidney was already small and clinical success
could not be anticipated. Another patient had a dissection
of the left renal artery in which all branch arteries were
involved. After autologous in situ reconstruction with
thrombectomy and tailoring, postoperative angiography
showed thrombosis of a segmental artery. Local fibrinolytic
therapy with recombinant tissue plasminogen activator
showed partial success. Another patient had a stenosis of a
branch artery after aneurysm resection and tailoring. Inter-
ventional stenting failed because the stent dislocated. Sub-
sequently, an aortorenal bypass was successfully performed.
The primary success rate of surgical RAA repair was 96.8%,
and the secondary success rate was 98.9% (Table II).
Long-term results. During a mean follow-up period
of 46 months (range, 1 to 143 months), three patients died
and eight patients were lost to follow-up. Eighty-three
patients (88% of all operated patients) are still under obser-
vation. On the operated side, 67 patients (81%) had patent
renal arteries and five (6.0%) had mainstem occlusion de-
velop. In two patients who remained hypertensive, ne-
phrectomy for late renal artery occlusion of the operated
side became necessary. Three patients showed a segmental
artery occlusion. Among six patients with RAS, four under-
went successful reoperation. The other two refused reop-
eration and hitherto have severe hypertension (Table IV).
The primary and secondary patency rates in 95 recon-
structed renal arteries with RAA were 83% and 87%, respec-
tively. There was a significant difference of patency in
relation to the operative technique. The patency rate was
100% in tailored renal arteries and 73% after saphenous vein
graft interposition (P  .028, 2 test; Table V). Neither in
tailored RAA nor in RAA treated with other methods was a
recurrent renal artery aneurysmatic dilatation detected.
One patient (Figs 3 and 4) had to undergo operation for
RAA twice within 6 years. After resection of a RAA of the
left kidney and reanastomosis of the concerned mainstem,
another aneurysm occurred in a branch artery that did not
present with a dilatation 6 years before. Although tailoring
Table III. Short-term results after reconstruction of
RAAs in 94 patients
No.
Technical primary success 91 (96.8%)
Technical secondary success 93 (98.9%)
Transient postoperative dialysis 3 (3.2%)
Myocardial insufficiency 3 (3.2%)
Bleeding 3 (3.2%)
Deep venous thrombosis 2 (2.1%)
Myocardial infarction (lethal) 1 (1.1%)
Pancreatitis 1 (1.1%)
Graft occlusion 1 (1.1%)
Partial renal artery thrombosis 1 (1.1%)
Stenosis of branch artery 1 (1.1%)
Morbidity 16 (17%)
Mortality in elective surgery 0
Mortality in emergency surgery 1/5
Table IV. Long-term results after reconstruction of
RAAs in 94 patients
No.
Died 3
Lost to follow-up 8
Under observation 83/94 (88%)
Patent renal arteries 67/83 (82%)
Mainstem occlusion 5/83 (6.6%)
Nephrectomy from renal artery occlusion 2/83 (2.6%)
Branch artery occlusion 3/83 (3.9%)
Renal artery stenosis* 6/83 (5.3%)
Hypertension cured 19/75 (25%)
Hypertension improved 17/75 (22%)
Mean follow-up period was 46 months (range: 1 to 143 months).
*Four patients underwent successful reoperation.
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of RAA may be preferred in the arteries without RAS and
saphenous vein graft interposition is more suitable in arter-
ies with additional stenoses, there was no statistically signif-
icant influence of additional RAS on the patency in the long
term.
The mean creatinine level of patients with patent recon-
structed renal arteries at the time of follow-up examination
was 1.1 mg/dL. Hypertension was totally cured (normal
blood pressure without medication) in 19 patients (25%)
and was improved (reduction of the diastolic blood pres-
sure 90 mm Hg with unchanged or fewer antihyperten-
sive drugs) in 17 patients (22%; Table III). The treatment
of hypertension was significantly more successful in the
group of patients with additional RAS. Hypertension was
improved or cured in 27 of 45 patients (60%) with RAS but
only in nine of 22 (41%) without RAS (P  .00787, 2
test). With exclusion of patients with mainstem or branch
artery stenosis or occlusion from the analysis, hypertension
was cured or improved in 67% of patients with RAS but
only in 29% of the patients without RAS (P  .0044, 2
test).
DISCUSSION
In the literature, the indication of RAA repair with
regard to the prevention of aneurysm rupture is almost
exclusively discussed in relation to aneurysm size. Although
there is no clear correlation between maximal aneurysm
diameter and the risk of rupture, on the basis of clinical
experience, the treatment of RAAs with a diameter from
1.5 to 2 cm is generally recommended.20-23
Sixty-seven percent to 95% of patients with RAA have
hypertension.3,12-15,17,19,24,25 The rate of concomitant
RAS is reported to be 53% to 66%.13,14,25 Hypertension
can be cured or improved with surgical reconstruction of
RAA in 50% to 100%.12,15-17,19,25 In our department, 80%
of the patients with RAA had hypertension and 53% had
additional RAS. Hypertension was cured or improved in
47% of our patients. Rates of hypertension, concomitant
RAS, and cured or improved hypertension corresponded to
the reported data in the literature. The number of patients
with cured or improved hypertension after RAA repair was
reported to be higher in those with additional occlusive
lesions of the renal arteries,17,26 but patients with isolated
RAAs also can profit from reconstruction in regard to
hypertension. This observation is in accordance with our
own findings that show a clear correlation between addi-
tional RAS and success of hypertension treatment. The
phenomenon of cured or improved hypertension in pa-
tients with RAA but without RAS is hard to explain because
the mechanism that might cause hypertension is difficult to
show. Macroembolism or microembolism from the RAA
into the renal parenchyma has been described20,22 and may
cause hypertension even without additional stenotic lesions
of the renal artery. It is also possible that the RAA induces
hemodynamic changes in terms of resistance, impedance,
or shear stress at the vessel wall caused by turbulence, which
may play a still unknown role. In some patients, we find
ostial stenoses in branch arteries originating from the an-
eurysm, which were undetectable with angiography be-
cause of limited anatomic space in anterior-posterior and
oblique projection. Unfortunately, to date, there are no
reliable parameters to predict whether or not a patient with
RAA will be cured from hypertension after successful re-
construction. Currently, we routinely perform renin mea-
surements, captopril tests, captopril scintigraphy, and col-
or-coded duplex sonography to evaluate the hemodynamic
impact of the renal artery lesions on hypertension. We also
identify macroembolism if it presents with angiographic
signs. Microembolism could only be suspected in cases of
an elevated resistance index of the concerned branch arter-
ies in the duplex sonography, but this finding was difficult
to distinguish from nephrosclerosis. Altogether, the preop-
erative prediction of whether hypertension would improve
after surgery was unsatisfactory. Therefore, two further
predictive methods, captopril Doppler scan and exercise
renal scintigraphy, are presently evaluated in our depart-
ment in terms of their predictive value of hypertension
improvement, but to date, a conclusive appraisal of the
methods is not possible.
Although an effective antihypertensive drug treatment
has been introduced in the recent years, hypertension still
means an indication for the operative treatment of RAA.
Antihypertensive drugs often have many side effects that
impair quality of live and lead to bad compliance of the
concerned patients. An unsatisfactory blood pressure con-
trol with severe late sequelae is a common consequence.
Because operative treatment of RAA could be performed by
experienced hands with a low morbidity and a mortality of
zero in our series and in many other reported series,20,26-29
it should be recommended in patients with hypertension,
offering a chance of healing or improving hypertension in
about 50% to 100%. In patients with a short hypertensive
history, the development of fixed renal hypertension may
be avoided.12,15-17,19,25
The results of RAA reconstruction concerning mainte-
nance of renal function and mortality are excellent in the
literature. The observed patency rates varied from 75% to
97%,20,26-29 and mortality was null in all reviewed studies,
which included between 12 and 121 patients. In our own
Table V. Long-term patency after RAA repair in 95
renal arteries
Not patent
(no.)
Patent
(no.)
Patency
rate
Tailoring 0 29 100%
Saphenous vein graft 11 30 73%
Tailoring and vein graft 1 5 83%
Resection and reanastomosis 2 10 83%
Vein graft and resection and
reanastomosis
2 2 50%
PTFE bypass 0 3 100%
All reconstructions 16 79 83%
Mean follow-up period was 40 months (range, 1 to 143 months).
*Including occlusion and stenosis of mainstem and branch arteries.
PTFE, Polytetra fluloroethylene.
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patients, the secondary patency rate, defined as absence of
hemodynamically relevant obstruction or occlusion of the
mainstem or branch vessels, was 83% after a mean follow-up
period of nearly 4 years. Graft interposition, resection and
reanastomosis, and autoplastic reconstruction are the prin-
cipal techniques of aneurysm repair. Aortorenal bypass is
usually recommended for fusiform and aneurysmorrhaphy
for sacciform aneurysms.15 But to date, there are no suffi-
cient data available on whether the different techniques are
equivalent in terms of patency and durability. From the year
1980 to 2002, the percentage of tailoring in RAA repair
increased steadily in our department. With increasing sur-
gical expertise, it becomes evident that remodeling of the
renal arterial morphology is more often possible without
grafting than anticipated. Even fusiform aneurysms and
aneurysms of branch artery bifurcations can be repaired
autoplastically without graft material. We were able to show
that tailoring results in superior patency rates. A frequently
raised objection to the method of tailoring is the hypothesis
that aneurysmatic tissue is left behind and may lead to a
recurrent aneurysm tic dilatation. However, recurrences of
aneurysms after tailoring were not observed, and this may
be because the aneurysmal parts of the vessel wall were
resected, leaving almost normal arterial wall next to the
orifices of the branches behind. For this, it has to be noted
that the mean follow-up period in the tailoring group was
Fig 4. Postoperative angiogram of patient in Fig 3. All aneurysms
had disappeared. Left renal artery was reconstructed with aneu-
rysm resection and saphenous vein graft interposition. Aneurysms
of splenic artery were excluded with ligation, and gastroduodenal
artery was reconstructed with aneurysm resection and reanastomo-
sis. Postoperative course was uneventful; blood pressure and renal
function were normal.
Fig 3. Normotensive 34-year-old woman had multiple aneurysms of visceral arteries. In 1991, aneurysms of right and
left renal artery were removed and repair was performed with resection and reanstomosis. Aneurysm of splenic artery
was excluded with ligation, aneurysms of superior mesenteric artery were managed with saphenous vein graft
interposition, and aneurysms of celiac trunk and hepatic artery managed with polytetrafluoroethylene grafting.
Histology of resected aneurysms revealed giant cell arteritis. In 1997, angiography showed remaining but growing
aneurysms of gastroduodenal and splenic artery (a), patent aortomesenteric vein graft (b), aneurysms of right (c) and
left (d) popliteal artery, and aneurysm of left kidney (e).
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only 34.9 months, compared with 46 months in the entire
series. The follow-up examinations did not include com-
puted tomographic scan and angiography routinely. Thus,
tailoring cannot be assessed sufficiently in terms of recur-
rent aneurysmatic dilatation with our data.
Some authors performed RAA reconstructions ex situ
in 22% to 30% of their cases.23,28,30 We were able to who
that in nearly all patients—in our material, in 96%—recon-
structions can be performed with the kidney left in situ.
Extracorporeal hypothermic perfusion seems to have no
advantages over in situ protection of the kidney with flush
cooling with Ringer’s lactate with the addition of heparin
and prostaglandin E1. The anatomic approach to the aorta,
the mainstem, and the branch arteries of the kidney is not
difficult in experienced hands. This may be underlined by
the fact that in our patients a primary technical success of
97% was achieved and the number of unplanned nephrec-
tomies was null. Indications for ex situ repair of the kidney
should only be ruptured RAA with a large retroperitoneal
hematoma and a complex operation site and multiple pe-
ripheral aneurysms of the branch arteries with the need of
suturing at or behind the border of the parenchyma.
Whether an ex situ perfusion of the kidney would result in
a superior protection of the kidney against ischemia com-
pared with an in situ perfusion, which we used in 90 of 94
cases, cannot be answered by this study. The mean creati-
nine level of patients with patent reconstructed renal arter-
ies at the time of follow-up examination was 1.1 mg/dL.
This may indicate that severe renal damage from the recon-
struction could be avoided with our in situ perfusion tech-
nique.
In recent years, a few cases of endovascular RAA treat-
ment with covered stents were reported.23,27,28,31-33 Be-
cause of the small number of reported patients and the
short follow-up periods, the durability of this alternative
method cannot be assessed to date. Embolization or RAA
as another endovascular technique has also been reported
in single cases. The method seems to have a small indication
only in saccular aneurysms, which are rare in the renal artery
and its branches.29,30,34,35 Data about late ruptures of
embolized RAA and late occlusions of treated renal arteries
are completely lacking.
The surgical reconstruction of RAAs is a safe proce-
dure. It provides good long-term results, prevents aneu-
rysm rupture, cures or improves hypertension in about one
half of the cases, and can be achieved in situ in 96% and with
autogenous reconstruction in 96%. Tailoring of RAA was
feasible in 42% of patients, providing the best patency rates
of all used reconstructive methods. Concerning the dura-
bility of tailoring, further long-term examinations includ-
ing control imaging are necessary.
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DISCUSSION
Dr James C. Stanley (Ann Arbor, Mich). This report sup-
ports a different view of renal artery aneurysms. Two decades ago,
these aneurysms were rarely considered a primary cause of hyper-
tension. Hypertension was thought to contribute to their forma-
tion but not be a result of them.
We recently reported our experience with 168 patients having
252 renal artery aneurysms (Ann Surg 2001;234:454-63). Our
series are quite comparable in some respects. For instance, 83% of
your patients had hypertension compared with 73% in our experi-
ence. But there were dissimilarities. A surprising 55% of your
patients had arterial fibrodysplasia. Did these patients have true
macroaneurysms at branchings, or were these simply large mural
dilations affecting the main renal artery? Your experience included
72% of patients with what I gather was a significant RAS. Less than
half our patients had coexisting stenoses. Isolated renal artery
aneurysms were much more common in our experience without
evidence of a stenotic cause of their hypertension.
Have you changed your indications for operation over the past
few decades? Your postoperative renal artery occlusion rate was a
little over 20%. These are often difficult operations. Do you have a
simple explanation for these failures? Our primary nephrectomy
rate was higher than yours, and perhaps some of your late occlu-
sions would have been dealt with by nephrectomy in the first
setting by our group. A large number of these patients may have
improvement of their hypertension control with treatment of their
aneurysms, but it comes at a potential cost of kidney loss. Operative
intervention in these patients must be approached cautiously.
Dr Tomas Pfeiffer. Well, thank you very much. That was a
very, very long statement, and I will try to answer one of your
questions.
You asked about the relative high occlusion rate in our data. I
think we have a very liberal indication for the reconstruction of
renal artery aneurysms. So, I did not mention that we did not
perform nephrectomy primarily in our cases. In every case, we tried
to reconstruct the renal artery or the branches. As far as I know,
there are some authors who published up to 17% of primary
nephrectomies in these cases. In those cases in which early occlu-
sion occurred, often patients with a small kidney and often patients
with an additional renal artery or branch stenosis and ischemic
nephropathy were observed. I think that could explain the higher
occlusion rate in our series.
Dr Wilhelm Sandmann (Dusseldorf, Germany). If I may
only add to the discussion, because I am responsible for the clinical
work in our university concerning this type of procedure. There is
obviously a difference in the body of patients with fibromuscular
dysplasia and atherosclerosis. I think this has to do either with the
selection process, which patient is sent to your institution, and with
the activity of the nephrologist and the activities of the radiologists.
And fortunately, the collaboration with the radiologist is very good
in our institution. Every case is discussed thoroughly, and there is no
exaggeration of catheter-based treatment. So, this probably explains
on one hand the rather large series in a single institution and on the
other hand the type of patients we get. And as we are responsible for
kidney transplantation as well, probably this is another explanation
why those patients come quite often to our institution.
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